Abstract. The Upper Triassic sandstones of gas-oil reservoirs of Euphrates Graben in Syria are characterized by certain mineralogical characteristics, conditioned by the processes of sedimentogenesis and diagenesis. In the course of the analytical work, it was possible to establish the nature of minerals composing sandstones and their impact on the porosity of rocks. So, for example, a good sorting of detrital grains and their substantial quartz composition is an important factor determining the increased values of porosity. On the other hand, the increased content of clay and authigenic minerals (more than 10-15%) reduces the porosity of rocks studied.
Introduction
The purpose of the study was to assess the mineral composition of sandstones and its effect on the porosity of the Upper Triassic gas-oil reservoir, called the Mulussa F Reservoir (MUF). It serves as an important hydrocarbon exploration site in the Middle East in Syria. The discovered gas-oil fields in the Euphrates Graben are an important source of hydrocarbons (De Ruiter, 1995) . The MUF reservoir has a thickness of 450 m ( Figure 1 ). It is composed mainly of medium-and coarse-grained fluvial gas-and oil-saturated sandstones, interbedded with floodplain mudstones, lagoon and shallow marine dolomite shales and dolomites, which are most developed in the lower and upper parts of the reservoir. Due to the large gas and oil saturation of the Upper Triassic sandstones, they serve in the region as the main object of hydrocarbon exploration in the Euphrates Graben, as well as their production.
Research methods
The data of core material research are used in the work. 55 samples of sandstones were selected from 11 wells that penetrated Upper Triassic Euphrates Graben deposits in the depth range from 1.6 to 4 km. Samples were characterized using, in our opinion, optimal methods of investigation: optical, X-ray, spectrometric and X-ray fluorescence analyzes (Shmyrina, Morozov, 2013) . Optical-microscopic analysis served to determine the main rock-forming minerals and the structure of sandstones. X-ray analysis was used to determine the qualitative and quantitative mineral composition of the samples, which is important for the reconstruction of diagenetic rock changes and the assessment of hydrocarbon reservoir (Ferrell, 1998) . Scanning electron microscopy, coupled with microprobe analysis, provided a wide range of information on the structure, morphology, chemical composition of grains, allowed estimating the spatial distribution of grains in the rock and paragenesis of authigenic minerals.
Results and discussion

Quartz sandstones and cementing material
Optical microscopic observations together with X-ray analysis showed that sandstone fragments take on average 80% of the rock volume, and authigenic minerals such as kaolinite, illite, chlorite, siderite, dolomite and anhydrite occupy on average of 20% of the rock volume. Most clastic grains are represented by quartz (from 50 to 90%), less frequently by debris.
Clay material is also found in the form of separate spots and layers. It is most widely distributed in fine-grained sandstones and averages 10%. A detailed description of quartz sandstones is given in the Figure 2 .
Cementing material can be quite small in them (Figure 2, a) , some samples contain up to 20% of clay material (Figure 2 , b) and do not refer to reservoir rocks. In other sandstones that are reservoir rocks -carbonate quartz sandstones -the content of dolomite can reach 10% (Figure 2, c) , and the siderite content is also up to 10% (Figure 2, d ). In the third isolated type of sandstones, the kaolinite content can also reach values of 10% (Figure 2, e) .
Most clastic grains of sandstone are rounded or sub-rounded, they have a medium and coarse-grained structure and various sorting. The degree of sorting of detrital material deteriorates from fine-grained to coarsegrained sandstones.
Most clastic grains of sandstones with a low content of cement are compacted -contacts between debris are flat, concave-convex. Often regeneration is observed on the fragments of quartz. Judging by optical-microscopic observations, quartz cement is the earliest in comparison with carbonates. Most quartz grains in sandstones with a relatively high content of cement have spot contacts. The size of fragments varies from 250 to 500 μm and less often reaches 2 mm (Figure 2, f) .
One of the features of most coarse-grained sandstones is the presence of clastic grains of quartz with small cracks, which are more developed in the marginal parts of grains (Figure 2, a) . Among the fragments of quartz, mono-grains predominate (70%), and fragments of polycrystalline quartz-aggregates (20%) are less common. Both are characterized by corrosion of their surfaces, and for the latter, corrosion along the grain boundaries in the joints (Figure 2 , f). Metamorphic formations are the source of quartz grains, judging by their structure. Some of the quartz grains collapsed during compaction, which can be seen from the formation of cracks in them and corrosion of the surface (Figure 2, f) .
Heavy minerals are found among the accessory grains, represented by tourmaline and zircon, less often epidote and monazite. Opaque accessory minerals are clastic magnetite and/or ilmenite, less often authigenic anatase (Figure 2, h) .
Clastic grains of sandstone are often cemented with clay material, the content of which can reach 10%. Clay material in some sections forms filling cement, in other sections composes bunch (spotted) cement. The sandstone voidness is formed by granular porosity; the pores are fairly well connected by channels. Some of the pores are filled with clay material, and some remain unfilled. There are pores of sedimentogenic and secondary origin, formed by the dissolution of feldspars.
Authigenic quartz and other authigenic minerals of sandstones
Authigenic quartz, occupying 1 to 13% of the volume of sandstones, is found in all samples except for those classified as quartz greywackes. Such quartz is easily detected and is represented by microcrystalline elongated pyramidal idiomorphic crystals having a dimension of about 50 μm.
They grow on grains of detrital quartz, forming in the porous space of sandstones (Figure 3, a) . Often grains of such authigenic quartz form aggregates of parallel arranged grains (Figure 3, b) . It can be considered that authigenic quartz as well as kaolinite and siderite plays the role of cement and clogs the pores, thereby reducing the porosity of sandstones and the connectivity of pores (Figure 3, c) . Authigenic quartz in some of the samples studied has the appearance of polycrystalline intergrowths, which tend to slightly increase the surface area of host grain (Figure 3, d, e, f) .
Such quartz forms radial syntactic cement, which results from dissolution and growth around detrital grains (Figure 4, a) . This radial syntactic quartz form of cement connects the clastic grains and blocks the pores or fills them (Figure 4, b) . In the samples under the electron microscope authigenic quartz has a size from 50 to 100 μm (Figure 4, c) . This mineral is associated with hematite, which forms thin arcs around detrital grains, indicating that authigenic quartz is formed later on hematite (Figure 4, d) . In some intervals of the section, sandstones contain up to 2-7% of anhydrite (Figure 4, e) , which forms poikillite cement and is distributed randomly in the pore space. Sandsite is sometimes found in sandstones, the content of which can vary from 1 to 23%. Its grains are found in the pores and have sizes from a few microns to 150 μm. They form spherical aggregates <2.5 mm in size (Figure 4, f) . Siderite can also be found in the form of poikillite cement or in the form of concretions filling the voids. The relationship between sideritic cement with authigenic quartz shows that siderite is a later mineral (Figure 4, g) (Worden, 2003) .
X-ray analysis
X-ray analysis was performed for many samples of sandstones. Diffractograms ( Figure 5 , 1-5, Table 1) shows the mineral composition of sandstone samples. Analysis of diffractograms showed that quartz is the main mineral present in all the samples studied. Its content is from 42 to 80%. The content of other minerals is less: potassium feldspar, mica, albite, kaolinite. Dolomite, siderite, barite, pyrite, halite are also found.
The content of kaolinite can reach 25%. The high content of kaolinite in sandstones most likely indicates intensive chemical weathering in a warm, moist climate during sedimentogenesis (Ketzer, 2003) . According to sedimentological data, we believe that kaolinite has a detrital origin, mainly inherited from the original rocks, subject to intensive chemical weathering in a humid warm climate. It was transported and deposited in river surroundings (Burley, 1993) .
Limited occurrences of chlorite and illite may indicate the interruption of humid sedimentation by short periods of drought, which contribute to limiting chemical weathering (Bellon, 1994) . Some samples contained siderite, dolomite, anhydrite, calcite and pyrite in different proportions (Table 1) . We assume that the named minerals were formed during sedimentogenesis (calcite) and diagenesis (siderite, anhydrite, dolomite and pyrite).
In addition, scanning electron microscopy associated with the EDS analysis of elements (EDS graphs) showed the essential presence of Si, Al, Ti, Fe, Ca, S, Mg and O that composes quartz, layered silicates, anatase, siderite, pyrite, dolomite, kaolinite, anhydrite.
X-ray fluorescence analysis
The analysis showed that in the sandstones the greatest content is of SiO 2 (mainly quartz) with an average value of about 62.52% (Table 2 ). The analysis also confirmed the electron microscopy data, i. sandstones contain up to 5% Fe 2 O 3 . In single cases, its content exceeds 5%. In all samples, the proportion of SiO 2 and Al 2 O 3 is quite significant, which indicates the presence of quartz and clay minerals in them.
On the other hand, the increased values of Fe 2 O 3 , MgO, CaO are probably related to the presence of hematite, siderite, dolomite and calcite.
Conclusion
The work shows the mineral composition of the Upper Triassic sandstones (Euphrates Graben, East Syria). In the course of the analytical work, it was possible to establish the nature of minerals composing sandstones and their impact on the porosity of rocks. So, for example, a good sorting of detrital grains and their substantial quartz composition is an important factor determining the increased values of porosity. On the other hand, the increased content of clay and authigenic minerals (more than 10-15%) reduces the porosity of rocks studied. The main clay mineral is kaolinite, formed during sedimentogenesis. This role is played also by other layered silicates -chlorite and mica. However, another type of kaolinite -authigenic -on the contrary, increases porosity, because it is formed due to the hydrolysis of feldspars. Other authigenic mineralscalcite, dolomite, siderite, pyrite, found between clastic grains -lead to a decrease in porosity. The complex of analytical methods used in the study made it possible to obtain information supplementing and non-contradicting each other.
